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ABSTRACT
Objectives: We determined whether crowding at
emergency shelters is associated with a higher
incidence of sleep disturbance among disaster
evacuees and identified the minimum required personal
space at shelters.
Design: Retrospective review of medical charts.
Setting: 30 shelter-based medical clinics in
Ishinomaki, Japan, during the 46 days following the
Great Eastern Japan Earthquake and Tsunami in 2011.
Participants: Shelter residents who visited eligible
clinics.
Outcome measures: Based on the result of a locally
weighted scatter-plot smoothing technique assessing
the relationship between the mean space per evacuee
and cumulative incidence of sleep disturbance at the
shelter, eligible shelters were classified into crowded
and non-crowded shelters. The cumulative incidence
per 1000 evacuees was compared between groups,
using a Mann-Whitney U test. To assess the
association between shelter crowding and the daily
incidence of sleep disturbance per 1000 evacuees,
quasi–least squares method adjusting for potential
confounders was used.
Results: The 30 shelters were categorised as crowded
(mean space per evacuee <5.0 m2, 9 shelters) or non-
crowded (≥5.0 m2, 21 shelters). The study included
9031 patients. Among the eligible patients, 1079
patients (11.9%) were diagnosed with sleep
disturbance. Mean space per evacuee during the study
period was 3.3 m2 (SD, 0.8 m2) at crowded shelters
and 8.6 m2 (SD, 4.3 m2) at non-crowded shelters. The
median cumulative incidence of sleep disturbance did
not differ between the crowded shelters (2.3/1000
person-days (IQR, 1.6–5.4)) and non-crowded shelters
(1.9/1000 person-days (IQR, 1.0–2.8); p=0.20). In
contrast, after adjusting for potential confounders,
crowded shelters had an increased daily incidence of
sleep disturbance (2.6 per 1000 person-days; 95% CI
0.2 to 5.0/1000 person-days, p=0.03) compared to that
at non-crowded shelters.
Conclusions: Crowding at shelters may exacerbate
sleep disruptions in disaster evacuees; therefore,
appropriate evacuation space requirements should be
considered.
BACKGROUND
In the acute phase following catastrophic dis-
asters, sleep disturbance is a common stress
reaction. Indeed, the literature has reported
a prevalence ranging from 44% to 98%
among disaster survivors who visited a psychi-
atric service.1–5 Although sleep disturbance is
one of the warning signs among patients
with posttraumatic stress disorders, sleep dis-
turbance itself immediately after a traumatic
event contributes to the development and
persistence of posttraumatic stress disorder
and depression, and is deemed to be a risk
factor for suicidal behaviour.6–9
In 2009, 335 natural disasters affected
approximately 200 million survivors and
accounted for more than $40 billion in eco-
nomic damage globally.10 These catastrophic
events impose multifactorial elements of
stress on the affected people—for example,
exposure to death, loss of family and prop-
erty, and poor living conditions.11 12 While
these traumatic experiences and change in
socioeconomic status are deemed uncontrol-
lable risk factors for sleep disturbance
Strengths and limitations of this study
▪ This study is a large shelter-based study includ-
ing 9031 evacuees at 30 shelters in disaster-
affected areas.
▪ This may be the first study to investigate the
association between crowding at emergency
shelters and the incidence of sleep disturbance
during the acute postdisaster phase.
▪ Crowding at emergency shelters was assessed
here because it is an important issue that can be
avoided by planning appropriate evacuation
strategies.
▪ Sleep disturbance was determined based on the
diagnosis performed by the physicians in
charge, which therefore may provide only a
rough estimate of actual cases.
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among disaster victims, crowding at emergency shelters,
an indicator of poor living conditions, is considered as
preventable with predisaster evacuation planning.13–15
One previous investigation suggested that crowding at
emergency shelters was associated with sleep disturbance
in the population.16 However, in this study, crowding at
the emergency shelter was deﬁned by the victim’s per-
sonal judgment rather than by a speciﬁc, repeatable
measure. Therefore, little is known about the relation-
ship between crowding at the shelter and sleep disturb-
ance during the acute postdisaster phase.
To address this knowledge gap, we conducted a retro-
spective study to test the hypothesis that limited personal
space in emergency shelters is associated with sleep dis-
turbance among evacuees, and to identify the minimum
required personal space at the shelter to prevent or
reduce sleep disturbances among evacuees during the
acute postdisaster phase.
METHODS
Design and setting
We conducted a retrospective study reviewing the
medical charts recorded at the emergency shelter clinics
in Ishinomaki city from 15 March through 30 April
2011. On 11 March 2011, the Great Eastern Japan
Earthquake and Tsunami struck the northeastern coastal
area of Japan. The disaster resulted in 15 000 deaths and
forced 470 000 disaster-affected victims to stay in emer-
gency shelters.17 Ishinomaki city is located in the north-
east coastal area of Japan and was most severely affected
by the disaster. The disaster destroyed 12 000 homes,
killed 3500 people (2.1% of the total population) and
resulted in 450 missing persons in this city.18
Immediately after the disaster, victims in this area evacu-
ated to neighbouring shelters such as schools, commu-
nity centres and libraries. Within days after the disaster,
the medical teams of the Ishinomaki Area Medical
Association (IAMA), which included several mental
health care teams with psychiatrists, selected large shel-
ters, mostly located at public facilities, and started pro-
viding medical care to the evacuees at the temporary
medical clinics in these shelters.19
Inclusion and exclusion criteria
Shelter
We included all emergency shelters in Ishinomaki city
that had been public facilities before the disaster, and
that had doubled as shelter clinics, and used them to
conduct a nutrition survey. We excluded shelters if any
of the following data were not available: the number of
evacuees, amount of living space for evacuation, ﬂood
incursion, or day of the restoration of water supply.
Participants
We included evacuees who lived in any of the eligible
shelters and presented to their shelter clinic during the
study period. We excluded patients who lived outside of
the shelters or whose medical records did not contain
their identiﬁers or date of visit. Therefore, we counted
patients only once if they visited at multiple shelter
clinics, including clinics within their resident shelters.
The Institutional Review Board of Fukui University
approved the study with waiver of informed consent
because this study does not include any invasive
methods, interventions or human participants.20 21 Our
study protocol was disclosed by Fukui University to
provide an opportunity to refuse inclusion in this study.
Methods of measurements
Research assistants, who were blinded to the study,
hypothesis-extracted the patient data from the medical
records at the eligible clinics by using a standardised
data collection form. These research assistants received
a 1 h lecture from the principal investigator before the
extraction. Abstractors collected patient-level data,
including patient demographics, physician diagnosis,
symptoms and disposition. We also collected the shelter-
level data that were considered as risk factors for sleep
disturbance among disaster evacuees—that is, the space
per evacuee, nutrition status, area mortality, ﬂood incur-
sion and restoration of the water supply.13 22 23 The
space per evacuee was deﬁned as the daily amount of
living space at the emergency shelter divided by the
daily number of evacuees in the shelter. The nutrition
status was determined by the survey of evacuees that was
performed by Ishinomaki city daily over three continu-
ous days in early April 2011. The nutrition status was cal-
culated as the average delivered food calories per day,
and was classiﬁed into quartiles: very low (≤1099 cal-
ories/day), low (1099–1568 calories/day), intermediate
(1569–1718 calories/day) and high (>1718 calories/
day). The area mortality was deﬁned as the number of
deaths directly resulting from the earthquake and
tsunami divided by the total population before the disas-
ter.24 The area mortality was also classiﬁed into quartiles:
very low (<0.29%), low (0.29–0.40%), intermediate
(0.41–0.97%) and high (>0.97%). Any shelter experien-
cing ﬂood incursion after the tsunami was deﬁned as a
ﬂooded shelter. Restoration of water supply was deﬁned
as the status that the water supply system was restored at
the shelter. It did not include a temporary water supply
provided by a tank truck. The daily number of evacuees
and the daily nutrition status were provided by the
Ishinomaki city ofﬁce. Information on the amount of
living space, ﬂood incursion and day of water supply res-
toration were derived from the records of the shelter.
Outcomes
The outcomes of interest were the cumulative incidence
and the daily incidence of sleep disturbance per 1000
evacuees at each shelter during the study period. Sleep
disturbance was deﬁned as the diagnosis performed by a
physician in charge. Previously established diagnostic cri-
teria for sleep disturbance were not available during the
disaster relief activities. Some medical records did not
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contain speciﬁc diagnoses but included prescriptions for
the patient. In these cases, we diagnosed sleep disturb-
ance if their prescriptions contained benzodiazepines,
imidazopyridines or cyclopyrrolones as oral hypnotic
medications. The cumulative incidence was calculated as
the sum of the number of patients with sleep disturb-
ance during the study period at each shelter divided by
the sum of the daily number of evacuees at the shelter
during the same period. Similarly, the daily incidence
was calculated as the number of patients with sleep dis-
turbance at each shelter divided by the number of evac-
uees on the same day. The daily incidence of sleep
disturbance at each shelter was collected over the study
period, thus it was considered as panel data.25
Statistical analysis
To classify the emergency shelters into two groups
(crowded and non-crowded shelters), we evaluated the
relationship between the mean space per evacuee at
each shelter and cumulative incidence of sleep disturb-
ance during the study period by using a locally weighted
scatter-plot smoothing (LOESS) technique. This regres-
sion enables ﬁtting of a smooth curve to a scatter
diagram and can be applied to data that have non-linear
relationships.26 Based on the result of the LOESS curve,
we selected an inﬂection point as a cut-off value to
deﬁne crowded and non-crowded shelters.
Next, we compared the cumulative and daily inci-
dence of sleep disturbance between the crowded and
non-crowded shelters using Mann-Whitney U tests.
Then, to evaluate the adjusted association of crowding at
the shelter with daily incidence of sleep disturbance, we
conducted a panel data analysis using a quasi–least
squares (QLS) method with a Gaussian distribution and
Markov working correlation structures, along with the
Huber-White heteroscedasticity-robust sandwich variance
estimator. The panel data analysis provides more accur-
ate inference than cross-sectional or time-series data ana-
lyses as panel data have more degrees of freedom and
more sample variability.27 QLS is an alternative method
for estimating correlation parameters within the frame-
work of a generalised estimating equation (GEE), which
is designed to deal with panel data.28 29 It allows for the
implementation of Markov working correlation struc-
tures to account for the autocorrelation of the units with
unequal time intervals and has not yet been implemen-
ted in the framework of a GEE.28 We constructed this
model to investigate the range of change in daily inci-
dence of sleep disturbance at the crowded shelters com-
pared to that of the non-crowded shelters after adjusting
for potential confounders—the nutrition status, area
mortality, ﬂooded shelter and restoration of water
supply. We considered a p value of less than 0.05 as stat-
istically signiﬁcant. All analyses were performed using
STATA V.12.1 (STATA Corp, College Station, Texas,
USA).
RESULTS
During the study period, there were 33 shelters located in
the public facilities that also had nutrition survey data in
Ishinomaki city. We excluded three shelters, as they had
no information on the number of evacuees, amount of
living space for evacuation, ﬂood incursion or day of the
restoration of water supply. Therefore, 30 shelter clinics
were included in this study (ﬁgure 1). During this
period, 11 532 patients presented to one of the shelter
clinics. Of these, we excluded 1805 patients who lived
outside of the shelters and 694 patients without a patient
identiﬁer or date of visit. The remaining 9031 patients
(78.3%) were included in the study. Among the eligible
patients, 1079 patients (11.9%) were diagnosed with
sleep disturbance (table 1). The median cumulative
Figure 1 Shelter and patient
recruitment diagram.
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incidence of sleep disturbance at total shelters was
2.1/1000 person-days (IQR, 1.4–2.9/1000 person-days).
The median number of days when shelter clinics were
available at total shelters was 22.5 days (IQR, 17.0–41.3).
The daily incidence of sleep disturbance at total shelters
was 1.9/1000 person-days (IQR, 0–5.9/1000 person-days).
A LOESS curve was used to determine the cut-off
value for crowded and non-crowded shelters (ﬁgure 2).
In accordance, 5.0 m2 was selected as the optimal cut-off
value. Based on this cut-off, nine shelters were cate-
gorised as crowded (mean space per evacuee during the
study period <5.0 m2) and 21 were categorised as non-
crowded shelters (mean space per evacuee during the
study period ≥5.0 m2).
Table 1 summarises the patient and shelter character-
istics. The median age of the patients was 65.0 years
(IQR, 54.0–73.0 years); the majority of patients (71.0%)
were female. Mean space per evacuee during the study
period was 3.3 m2 (SD, 0.8 m2) at the crowded shelters
and 8.6 m2 (SD, 4.3 m2) at the non-crowded shelters.
The median number of evacuees per day at the crowded
shelters was smaller than that at the non-crowded shel-
ters (median, 3198 (IQR 2805–4385) at the crowded
shelters vs median, 4003 (IQR 3081–6498) at the non-
Table 1 Patient and shelter characteristics
Overall
Crowded
shelters
Non-crowded
shelters p Value
Patient characteristics
Total patients with sleep disturbance, n 1079 547 532
Median patient age, years (IQR) 65.0 (54.0–73.0) 64.0 (54.0–73.0) 65.0 (54.0–74.0) 0.51
Female, n (%) 766 (71.0) 394 (72.0) 372 (70.0) 0.32
Shelter characteristics
Number of shelters, n 30 9 21
Median evacuee per day, n (IQR) 7201 (5886–10 971) 3198 (2805–4385) 4003 (3081–6498) <0.01
Mean space per evacuee, m2 (SD) 7.0 (4.4) 3.3 (0.8) 8.6 (4.3) <0.01
Median nutrition status, calories (IQR) 1569 (1099–1719) 1550 (1303–1719) 1592 (1048–1713) 0.70
Number of flooded shelters, n (%) 12 (40.0) 4 (44.4) 8 (38.1) 0.32
Median area mortality, % (IQR) 0.4 (0.3–1.0) 0.6 (0.3–2.7) 0.4 (0.3–0.8) 0.31
Days postdisaster until the restoration of water
supply (IQR)
23.0 (9.0–33.0) 24.5 (13.3–45.0) 23.0 (9.0–34.0) 0.38
Total number of days shelter clinics were available 785 291 494
Total number of days shelter clinics were available,
day per shelter (IQR)
22.5 (17.0–41.3) 40.0 (19.0–45.5) 21.0 (13.5–35.5) 0.12
Crowded shelters: the mean space per evacuee at the shelters during study period <5.0 m2. Non-crowded shelters: the mean space per
evacuee at the shelters during study period ≥5.0 m2.
Figure 2 Relationship between
mean space per evacuee during
the study period at each shelter
and the cumulative incidence of
sleep disturbance at the shelter.
This scatter diagram indicates the
association between mean space
per evacuee at each shelter and
cumulative incidence of sleep
disturbance at the shelter with a
smooth-fit curve using the locally
weighted scatter-plot smoothing
technique.
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crowded shelters; p<0.01). In contrast, there were no sig-
niﬁcant differences in the median nutrition status, the
number of ﬂooded shelters, median area mortality, or
days postdisaster until the restoration of water supply
between the crowded and non-crowded shelters (all
p>0.05).
The median cumulative incidence of sleep disturb-
ance did not differ between the crowded shelters (2.3/
1000 person-days (IQR, 1.6–5.4)) and non-crowded shel-
ters (1.9/1000 person-days (IQR, 1.0– 2.8); p=0.20). In
contrast, the crowded shelters had a higher median
daily incidence of sleep disturbance compared to the
non-crowded shelters (2.4/1000 person-days (IQR, 0.0–
6.9) at crowded shelters vs 0.0/1000 person-days (IQR,
0.0–5.5) at non-crowded shelters; p<0.01). Likewise,
in the analysis adjusting for potential confounders
(table 2), the crowded shelters had an increased daily
incidence of sleep disturbance (adjusted difference,
2.6/1000 person-days (95% CI 0.2 to 5.0); p=0.03) when
compared to non-crowded shelters.
DISCUSSION
In this chart review study of 9031 shelter evacuees after
the Great Eastern Japan Earthquake and Tsunami, we
found that crowding at shelters was associated with the
daily incidence of sleep disturbance among evacuees.
Speciﬁcally, as compared with non-crowded shelters,
shelters with <5.0 m2 of space per evacuee during the
acute phase of the disaster had an increased incidence
of sleep disturbance. This novel ﬁnding would assist
public health authorities in establishing appropriate
evacuation plans and facilities to prevent the incidence
of sleep disturbance among evacuees.15
Although shelter crowding had been considered a pre-
dictor of sleep disturbance in the postdisaster setting,
little was known about the relationship.3 The lack of
knowledge was likely attributable to the difﬁculty of con-
ducting studies on the effects of a disaster; indeed,
crowding at the shelter typically occurs during the acute
phase of a disaster, when epidemiological study has little
priority over the relief activity.30 Furthermore, experi-
mental study to examine the impact of crowding in this
setting is ethically inappropriate.30 To the best of our
knowledge, our study is the ﬁrst to demonstrate the asso-
ciation between crowding at shelter and sleep disturb-
ance among evacuees.
Previous studies have reported that sleep disturbance
among victims after a natural disaster was associated with
socioeconomic factors, such as source of income,
number of household members and loss of contact with
people in the community.22 31 However, these factors are
not modiﬁable when establishing evacuation plans. In
contrast, in this study, our data demonstrated an associ-
ation of crowding at the shelter with an increased inci-
dence of sleep disturbance among evacuees. Crowding
at the shelter is potentially a modiﬁable factor that can
be avoided by appropriate evacuation planning. This
ﬁnding supports the conventional wisdom about the
association of shelter crowding with sleep disturbance by
providing empirical evidence from a real disaster setting.
Our ﬁndings also support the current recommenda-
tions of the United Nations High Commissioner for
Refugees (UNHCR) for the minimum required living
space in emergency shelters. Emergency shelters located
at public buildings are recommended to have 4.5–5.5 m2
per evacuee in cold climates because residents remain
inside the shelters during daytime.15 Crowding at the
Table 2 Multivariable-adjusted differences in daily incidence of sleep disturbance per 1000 person-days in crowded and
non-crowded shelters
Variables
Difference in daily incidence of sleep
disturbance per 1000 person-days 95% CI p Value
Shelter groups
Crowded shelters Reference
Non-crowded shelters 2.6 0.2 to 5.0 0.03
Covariates
Nutrition status
Very low Reference
Low −2.6 −4.8 to −0.3 0.03
Intermediate −1.5 −3.9 to 0.9 0.23
High 1.1 −0.8 to 3.0 0.27
Flooded shelter −0.5 −2.5 to 1.4 0.58
Area mortality
Very low Reference
Low −3.6 −5.9 to −1.4 <0.01
Intermediate −2.1 −4.4 to 0.3 0.08
High −0.5 −2.5 to 1.4 0.58
Restoration of water supply −2.0 −4.3 to 0.2 0.07
Crowded shelters: the mean space per evacuee at the shelter during study period <5.0 m2; Non-crowded shelters: the mean space per
evacuee at the shelter during study period ≥5.0 m2.
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shelter impairs the maintenance of privacy and emo-
tional security of residents.15 Further, noise from neigh-
bours can result in relationship difﬁculties.32 33 These
stressors are deemed to contribute to sleep disturbance
among the disaster-affected people.31 34 Thus, crowding
at the shelter and its related consequences may impose
signiﬁcant levels of stress on evacuees with sleep disturb-
ance expressed as the stress reaction.3 Our ﬁndings
underscore the importance of a concordance with the
UNHCR’s recommendation for required living condi-
tions at shelters, which would avoid further stressors on
the victims at risk for developing disaster-related mental
health issues. Otherwise, sleep disturbance and its subse-
quent effect on the development of other mental dis-
tress might result in signiﬁcant burdens on the health
care organisations at disaster-affected areas, which are
typically already suffering from a shortage of medical
resources.
In this study, the overwhelming majority of patients
with sleep disturbance was older (>65 years). In add-
ition, most of the patients were female. The reasons for
older adults and female dominance in the prevalence of
sleep disturbance are unclear and likely multifactorial.
Although speculation should be avoided in this epi-
demiological data, previous investigations reported that
the elderly and women are vulnerable to psychiatric con-
ditions after a disaster, which might have led to a higher
prevalence in these populations.4 32 33 This study sug-
gested that older people and women might need spe-
ciﬁc strategies from mental health care organisations to
mitigate their sleep problems and detect warning signs
of psychiatric disorders after a catastrophic disaster.
Limitations
Our study has several limitations. First, because our
study was based on medical chart reviews for data collec-
tion, the incidence of sleep disturbance in the actual
situations might be higher or lower than that in our
study. However, assuming that misclassiﬁcation occurred
evenly in the crowded and non-crowded shelters, this
non-differential misclassiﬁcation would not have biased
our inferences. Second, sleep disturbance was deter-
mined based on the diagnosis made by the physicians in
charge or the prescription of oral hypnotic medications.
Their diagnosis might have depended on patient self-
assessment. Moreover, the hypnotic medications might
have been used for purposes other than as sleep aids.
Therefore, our study provides an estimate of sleep disor-
ders exacerbated by the crowded emergency shelters
without detecting underlying psychiatric disorders. 35
Third, as with any observational study, our ﬁndings
might be confounded by unmeasured factors, such as
socioeconomic status, the prevalence of pre-existing psy-
chiatric disorders and the social network among disaster
survivors.22 31 Fourth, we were unable to identify those
who had moved from one shelter to another during the
study period. However, movement between shelters was
considered to be uncommon because the vast majority
of evacuees moved to an unaffected area. Finally, our
sample consisted of emergency shelters of an urban city
in Japan. Therefore, our inferences may not be general-
isable to other settings—for example, postdisaster
periods in developing nations. Although formal valid-
ation of the study ﬁndings in different healthcare
systems is necessary, the observed relationships are plaus-
ible and are likely present in different settings.
CONCLUSIONS
In this retrospective study of 9031 patients who pre-
sented to the temporary clinics located at emergency
shelters during the acute phase after the Great Eastern
Earthquake and Tsunami in 2011, we found that crowd-
ing at the shelter was associated with an increased daily
incidence of sleep disturbance. Additionally, our ﬁnding
suggests that 5.0 m2 per evacuee may serve as a
minimum required living space per evacuee at emer-
gency shelters; this ﬁnding is consistent with the
UNHCR’s recommendations. To reduce the occurrence
of sleep disturbance among disaster evacuees, healthcare
authorities and government agencies should establish
evacuation plans in accordance with the UNHCR’s
recommendation.
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